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1. INTRODUCTION: Mild TBI is closely associated with balance dysfunction. The tests and 

devices used to assess and treat patients exposed to concussive events are not available in-

theater. The stated goals of the project are; 1)  the delivery of a portable initial screening 

device for immediate field assessment after injury, 2) improved test battery for monitoring 

treatment during the physiotherapy and 3) development of an enhanced program of 

rehabilitation. 

 

2. KEYWORDS: Dizziness, balance dysfunction, vestibular, sway, instability, falls, physiotherapy, 

tactile cueing, vibrotactile, tactors, mild traumatic brain injury, mTBI, concussion, rehabilitation, 

screening, vestibular assessment. 

 

3. ACCOMPLISHMENTS:  

 What were the major goals of the project?  

The stated overarching goals of the project are; 1)  the delivery of a portable initial screening 

device for immediate field assessment after injury, 2) improved test battery for monitoring 

treatment during the therapy and 3) development of an enhanced program of rehabilitation. 

 

 What was accomplished under these goals?  

This project developed the technology of an enhanced balance platform for both assessing and 

treating patients with balance dysfunction. The platform device incorporated novel tactile cueing, 

which was adopted from an aviation application, and improved to provide balance therapy 

treatment for a variety of balance compromised patients. Furthermore the device is portable 

meeting the primary goal of the project. The novel tactile cueing provided patients a more rapid 

rehabilitation to baseline function as described below.  

 

 Major Goals:  

1) Delivery of Portable Screening Test: Working in conjunction with the SBIR process this 

project developed, and continuously improved during the period of performance, a balance 

rehabilitation platform that can also assess initial balance performance. There were two 

companies involved – Engineering Acoustics Inc. (EAI) which produced the Sensory Kinetics 

(SK) platform and Balance Sense Inc produced a platform named Balance Sense (BS).  Both 

companies delivered a device consisting of the following components: a) a force plate to 

measure center-of-pressure (COP); b) visual screen to provide GUI (Graphical User Interface) 

displaying COP and test information and c) tactile cueing belt. These devices were developed 
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during the first two years of the project while the IRB was undergoing joint approval by Army 

and Navy IRBs.   

            

Prototype  SK Balance System (left) comprising of a visual display, 

force plate, inertial and camera sensors and a torso worn tactile belt. 

Heel to toe functional task using tactile, audio and visual feedback 

(right). 

These devices were assessed for efficacy as a tool to provide rehabilitation of patients and 

continued assessment of performance during the rehabilitation process. Based on the 

performance as a rehabilitation tool, a commercial company Biodex has purchased BS and 

the tactile cueing technology to commercialize and deliver to the physiotherapy community a 

product for assessment and treatment of patients with balance dysfunction. 

The two devices were delivered to clinical rehabilitation centers for evaluation as a 

rehabilitation tool and to obtain feedback from the physiotherapy community to refine the 

product for commercial development.  

2) A stated sub-goal/specific objective  was to “distinguish different types of head trauma”. 

That is, could the device(s) and associated tests determine whether injury was due to blast 

concussion vice direct blow to the head. The research carried out under this project did not 
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succeed in distinguishing between these types of head injury. The testing is described in more 

detail in following section.  

3)  Development of an enhanced program of rehabilitation. Data from two test sites was 

analyzed by Dr. Heather McGee (Henry Jackson Foundation statistician). The Navy Medical 

Center San Diego (NMCSD) physiotherapy department evaluated both SK and BS platforms 

whereas the Florida Ear and Balance Center evaluated only the BS platform. Although the two 

centers used many of the same tests for evaluation it was not possible to pool the data from 

both centers since the protocols differed slightly and the patient populations differed.  

Both centers used the Neurocom Equitest balance platform as the gold standard, against 

which the SK and BS force plate platforms were compared, to evaluate dynamic postural 

equilibrium. An evaluation test common to both centers included the Berg Balance Scale 

which is a measure of falling. The Sensory Organization Test (SOT) and the Berg Balance 

Test are described in appendix A. The final report statistics and summaries prepared by Dr 

McGee for NMCSD and Balance Sense are as follows:  

A.  Summary of Balance Sense Findings 

The total participant sample consisted of 25 civilian subjects (8 males, 17 females). 

Subjects ranged in age from 51 to 84 years with a mean age of 71.64 (SD = 8.70). 

 

Sensory Organization Test (SOT) 

Mean Raw SOT scores at each testing occasion are reported by group (Device, Control) 

below. A 2-way ANOVA (2X5) was conducted to examine the effects of group and number of 

physical therapy session completed on Sensory Organization Test (SOT) Composite scores. No 

significant effect was found for the main effect of Group, F(1, 23) = .68, p = .42 or the interaction 

between group and number of physical therapy sessions completed, F(2.58, 59.27) = .90, p = 

.43. A significant main effect was found for number of sessions completed, F(2.58, 59.27) = 

43.81, p <.001, partial η2 = .66. The results suggest that participants showed improvement in 

SOT Composite scores as the number of physical therapy sessions completed increased, 

regardless of whether they were in the Device or Control group. Average SOT Composite 

scores for Group by Number of PT Sessions Completed are displayed in the figure below. 

Percent of change found device group realizing improvement within the first 2 physical therapy 

sessions over 7 days with max improvement after 8 sessions over 4 weeks. Controls reached 

max improvement after 12 sessions over 6 weeks. 
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Mean Raw SOT Scores by Group 

 

  
Group Mean SD 

95% CI 
N 

Lower Upper 

Pre Test 
Device 46.43 10.31 40.51 52.34 14 

Control 40.00 11.19 33.33 46.67 11 

2 

Sessions 

Device 53.71 12.87 45.81 61.63 14 

Control 49.82 15.96 40.90 58.73 11 

4 

Sessions 

Device 58.71 9.60 52.89 64.54 14 

Control 59.18 11.66 42.61 65.76 11 

8 

Sessions 

Device 67.57 10.39 61.35 73.79 14 

Control 62.45 12.28 55.44 69.47 11 

12 

Sessions 

Device 68.43 11.48 62.14 74.72 14 

Control 67.55 11.25 60.45 74.64 11 

 

Raw Average SOT Composite Scores  

 

SOT Condition 5 Fall/No fall 
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A variable was created that dichotomized participants’ SOT Condition 5 performances based on 

whether or not the participant fell during the trial (Fall or No Fall).The table below shows SOT 

Condition 5 Fall and No Fall data by Group (Device vs. Control) for Pre Test, 2 Sessions, 4 

Sessions, 8 Sessions, and 12 Sessions. The table also shows the change in number of No Falls 

from Pre Test to each subsequent testing session for the Device and Control groups. In the 

Device group the number of ‘No Fall’ participants increased by 5 from Pre Test (1 No Fall) to 2 

Sessions (6 No Fall), whereas the number of ‘No Fall’ participants in the Control group did not 

change from Pre Test (3 No Fall) to 2 Sessions (3 No Fall). As can be seen in the table, the 

Device group displays more early movement from ‘Fall’ to ‘No Fall’ than the Control group. 

 

Condition 5 SOT Fall and No Fall by Group Physical Therapy Sessions  

 

  

Group N 

Fall No Fall Change in # 

No Falls from 

Pre Test n % n % 

Pre Test 
Device 14 13 93% 1 7%   

Control 11 8 73% 3 27%   

2 

Sessions 

Device 14 8 57% 6 43% +5 

Control 11 8 73% 3 27% +0 

4 

Sessions 

Device 14 6 43% 8 57% +7 

Control 11 7 64% 4 36% +1 

8 

Sessions 

Device 14 4 29% 10 71% +9 

Control 11 7 64% 4 36% +1 

12 

Sessions 

Device 13 4 31% 9 69% +8 

Control 11 2 18% 9 82% +6 

 

 

Berg Balance Scale  

 Berg Balance Scale Risk Categories (Low Fall Risk, Medium Fall Risk, High Fall Risk) 

were computed for each participant. The Berg Balance Scale Risk Category by Group at Pre 

Test table below shows the Berg Balance Scale Risk Category data by Group (Device vs. 
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Control) at Pre Test. As can be seen in the table, 13 participants started (at Pre Test) in the Low 

Fall Risk Category (9 from the Device group, 4 from the Control Group). Since these Low Risk 

participants could not reduce their Risk Category in subsequent trials (i.e., they were already in 

the lowest risk category at Pre Test), they were excluded from further analyses that examined 

whether or not participants moved into a lower risk category (i.e., reduced their Fall Risk 

Category) from Pre Test to after 4 PT sessions. The Berg Risk Category Movement from Pre 

Test to after 4 PT Sessions by Group table displays the number (and percent) of participants in 

each group (Device vs. Control) that reduced their Fall Risk Category after 4 PT sessions. All 

five subjects in the Device group that had an opportunity to move into a lower risk category after 

4 PT sessions did move (i.e., 100% reduced their risk level). Alternatively, only 3 of the seven 

subjects in the Control group that had an opportunity to move into a lower risk category after 4 

PT sessions did move (i.e., 43% reduced their risk level).   

 

Berg Balance Scale Risk Category by Group at Pre Test. 

___________________________________________________ 

    Fall Risk Category  

    _____________________________________ 

     Low  Medium      High 

Group (n)   n (%)     n (%)     n (%) 

____________________________________________________ 

Device (14)  9 (64%)  5 (36%)   0 (0%) 

Control (11)  4 (36%)  6 (55%)   1 (9%)  

____________________________________________________ 

 

 

 

Berg Risk Category Movement from Pre Test to after 4 PT Sessions by Group. 

_______________________________________________________________________ 

    Reduced Risk   Did Not Reduce Risk 

Group (n)               n (%)    n (%) 

_______________________________________________________________________ 

Device (5)        5 (100%)    0 (0%) 

Control (7)        3 (43%)    4 (57%) 

_______________________________________________________________________ 
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Conclusions 

Device group shows earlier improvement in Sensory Organization Test score than the 

control group. This indicates that vestibular input is being more efficiency utilized during 

compliant surface plus eyes closed conditions. Percent of change found device group realizing 

improvement within the first 2 physical therapy sessions over 3 days with max improvement 

after 8 sessions over 4 weeks. Controls reached max improvement after12 sessions over 6 

weeks. An improvement in SOT scores have been linked to decrease in fall occurrence.  

  

Device group decreased fall risk sooner than control group. Berg Balance Scale found 100% of 

device subjects lowered their fall risk category after 2 physical therapy sessions compared to 

43% of controls who reduced fall risk category, and 57% controls who did not reduce their fall 

risk category during the same time frame. Likewise, Functional Gait Assessment at Pre Test 

found 14 subjects in the device group had the opportunity to move into a lower risk category 

moving from high to medium or low risk category: 10 subjects in the control group had the 

opportunity to move into a lower risk category. From Post Test 1 to Post Test 2, after a total of 4 

physical therapy sessions within 10 days, 10 subjects or 77% of the device group had reduced 

fall risk compared to 2 subjects or 20% of the control group. Expanding the reporting time frame 

to include Pre Test through Post Test 2, finds 11/14 subjects or 79% in device group compared 

to control groups 1/10 or 10% improved fall risk.  

 

SOT Condition 5 measures center-of-gravity (COG) postural sway and velocity from COG. 

Subject static stands shoulder width apart with eyes closed while surface sways. A new variable 

was created that dichotomized participants’ SOT Condition 5 performances based on whether 

or not the participant fell during the trial (Fall or No Fall).4 At Pre Test, 18 of the 25 participants 

(72%) obtained a SOT Condition 5 score of zero and only four of the 25 participants (16%) were 

able to complete the trial without falling. All device subjects that were falling at Pre Test 

achieved no fall at Post Test 1: no control subjects that were falling at Pre Test achieved no fall 

by Post Test 1. Self Report Falls data is consistent with Condition 5 Fall/No Fall findings.  

 

A fall is an unintentional change in position causing an individual to land at a lower level, on an 

object, the floor, the ground or other surface with or without injury. This includes: slips, trips, 

falling into other people, being lowered, loss of balance, and legs giving way. (Exclude sudden 

onset of paralysis, epileptic seizure, or overwhelming external force.) Self Reporting of falls 

found both groups reduced fall rates, but the device group reduced fall rates faster than the 
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control group. Eleven control and 11 device subjects had an opportunity to reduce multiple falls 

per day; 6 (54%) device and 1 (9%) controls reduced fall rate after 2 physical therapy sessions 

within 3 days; 7 (64%) device and 5 (45%) controls reduced fall rate after 4 physical therapy 

sessions within 14 days; 10 (91%) device and 8 (73%) controls reduced fall rate after 8 physical 

therapy sessions within 28 days; 11(100%) device and 10 (91%) controls reduced fall rate after 

12 physical therapy sessions within 42 days. The fall rate increased post physical therapy 

intervention in the control group, but remained stable in the device group for 3 ½ months. At 4 ½ 

months physical therapy intervention 9 ((82%) and 7 (64%) retained a no fall status  

 

Findings imply an optimal number of treatment sessions using SEMD would be 8 rather than the 

12 sessions needed for the control group to achieve the same results. The device group 

improved SOT, reduced fall risk, and reduced fall incident at 8 interventions while the control 

group achieved reduction in fall incident by12 intervention physical therapy sessions. 

B. Summary of NMCSD findings 

Forty participants were recruited from the Navy Medical Research Center (NMRC) in San 

Diego, CA. The mean age was 28.87 (SD = 6.134) years (age was not reported for two 

participants). Fourteen participants were exposed to blast, 15 experienced blunt trauma, and 8 

reported both trauma types (unknown for 3 participants). Seventeen participants reported a 

single head injury or trauma whereas 23 reported multiple injuries or exposures. Participants 

were assigned to three conditions: Experimental Treatment-Balance Sense (BS; N = 14), 

Experimental Treatment-Sensory Kinetics (SK; N = 14), or Control (N = 12). The mean number 

of treatments was 8.5 (SD = 2.9) for the BS group, 9.1 (SD = 3.3) for the SK group, and 8 (3.6) 

for the control group; 8.5 (SD = 3.2) overall.  

 There were a large number of missing values for all of the measures drastically reducing 

statistical power and may yield unreliable results for the intended mixed model analyses of 

variance (note that participants must have values for all design cells to be included into the 

analysis). Thus, the tables and graphs below present descriptive statistics so that the emerging 

patterns may be observed. The sensory organization test (SOT) time-to-fall (sec) measures 

showed a ceiling effect and thus descriptives are not presented for this measure. 

SOT-Condition 2 average 
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 Table 1 and Figure 1 display the descriptives by group and test point for the SOT 

condition 2 averages. The data show steady improvement for both the control and the sensory 

kinetics experimental group. Note that the groups do not appear equal at initial testing. 

 

TABLE I. DESCRIPTIVE STATISTICS BY GROUP AND TEST-POINT FOR 

SENSORY ORGANIZATION TEST CONDITION 2 AVERAGE 

 Test-Points; Mean (SD) 

Group Initial Midpoint Final 

BS  76.94 (11.98)     

N=12 

75.81 (16.71)      

N=12 

 76.86 (16.71)       

N=6 

C  70.43 (24.98)     

N=12 

81.35 (19.13)      

N=10 

 92.13 (1.65)         

N=4 

SK 77.58 (9.61)        

N=13 

 81.36 (12.50)     

N=12 

83.48 (12.13)      

N=10 

Note. Groups labeled BS and SK refer to experimental treatments and C is the control 

group. 
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Figure 1. SOT condition 2 averages by group and test point. 

SOT- Condition 5 average 

Table 2 and Figure 2 display the descriptives by group and test point for the SOT 

condition 5 averages. The data show steady improvement for all groups. Note that the groups 

do not appear equal at initial testing. 
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TABLE II. DESCRIPTIVE STATISTICS BY GROUP AND TEST-POINT FOR 

SENSORY ORGANIZATION TEST CONDITION 5 AVERAGE 

 Test-Points; Mean (SD) 

Group Initial Midpoint Final 

BS  37.04 (29.70)     

N=12 

52.98 (28.99)      

N=12 

 58.22 (24.03)       

N=6 

C  30.22 (26.74)     

N=12 

54.38 (24.40)      

N=10 

 71.90 (6.26)         

N=5 

SK 26.65 (24.94)        

N=13 

 53.78 (19.88)     

N=12 

58.55 (23.97)      

N=10 

Note. Groups labeled BS and SK refer to experimental treatments and C is the control 

group. 

 

 

Figure 2. SOT condition 5 averages by group and test point. 
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Functional Gait 

Table 3 and Figure 3 display the descriptives by group and test point for the functional 

gait scores. The data show steady improvement the control and sensory kinetics groups. Note 

that the groups do not appear equal at initial testing.  

TABLE III. DESCRIPTIVE STATISTICS BY GROUP AND TEST-POINT FOR 

FUNCTIONAL GAIT 

 Test-Points; Mean (SD) 

Group Initial Midpoint Final 

BS  25.38 (3.20)       

N=13 

26.56 (3.43)          

N=9 

 27.20 (2.39)         

N=5 

C  24.00 (3.84)         

N=9 

28.33 (1.53)          

N=3 

 30.00 (0.01)         

N=3 

SK 25.14 (3.42)        

N=14 

 27.70 (3.56)       

N=10 

29.22 (0.83)          

N=9 

Note. Groups labeled BS and SK refer to experimental treatments and C is the control group. 
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Figure 3. Function gait scores by group and test point. 

Berg Balance Score 

Table 4 and Figure 4 display the descriptives by group and test point for the Berg 

balance scores. The data show improvement for all groups however changes are minimal. 

Sample size is very small for control groups. 
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TABLE IV. DESCRIPTIVE STATISTICS BY GROUP AND TEST-POINT FOR      

BERG BALANCE SCORES 

 Test-Points; Mean (SD) 

Group Initial Midpoint Final 

BS  53.22 (3.20)         

N=9 

53.22 (3.53)          

N=9 

 55.20 (1.79)         

N=5 

C  52.33 (4.46)         

N=6 

55.67 (0.57)          

N=3 

 56.00 (NA)          

N=1 

SK 52.18 (3.49)        

N=11 

 54.30 (3.09)       

N=10 

53.88 (3.31)          

N=8 

Note. Groups labeled BS and SK refer to experimental treatments and C is the control group. 

 

Figure 4. Berg balance scores by group and test point. 

Dizziness Handicap Inventory 

Table 5 and Figure 5 display the descriptives by group and test point for the Dizziness 

Handicap Inventory scores. The data show a dip in scores at midpoint for all groups. The 
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sample sizes for all groups decrease dramatically after initial testing. Note that the groups do 

not appear equal at initial testing. 

TABLE V. DESCRIPTIVE STATISTICS BY GROUP AND TEST-POINT FOR 

DIZZINESS HANDICAP INVENTORY SCORES 

 Test-Points; Mean (SD) 

Group Initial Midpoint Final 

BS  48.58 (14.27)       

N=12 

33.00 (14.14)          

N=5 

 42.50 (19.13)         

N=6 

C  39.86 (19.84)         

N=7 

23.00 (12.73)          

N=2 

 39.00 (NA)          

N=1 

SK 41.43 (13.25)          

N=14 

 27.27 (18.59)       

N=6 

35.75 (23.46)          

N=8 

Note. Groups labeled BS and SK refer to experimental treatments and C is the control group. 

 

 

Figure 5. Dizziness Handicap  Inventory scores by group and test point. 
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As mentioned earlier it was not possible to pool the data between centers. The Henry Jackson 

statistician performed the analysis on the data from both centers. The lack of statistical 

significance at the NMCSD site is related to the low numbers in each of the 3 groups (control, 

SK treatment and BS treatment). Based on data trends the statistician recommended the 

collection of data from additional subjects to provide the opportunity to make a definitive 

statement concerning the efficacy of treatment with mTBI and blast patients. The 

physiotherapists at NMCSD have continued to use the tactile cueing feedback device as a 

treatment modality following the cessation of data collection for this project. Similarly the 

physiotherapists at each center that has been provided with either the SK or BS platform in both 

the US and the United Kingdom remain enthusiastic and will continue to use the devices until 

commercially produced devices are available from Biodex. 

This program provided a BS platform via MRMC (Medical Research and Materiel Command) to 

Headley Court in the United Kingdom. Headley Court is the UK equivalent of the Center for the 

Intrepid. The UK physiotherapists provided feedback to modify the BS device prior to the 

acquisition of BS by Biodex.  Their letter of endorsement is included in appendix C.  

 What opportunities for training and professional development has the project 

provided?  

 The project supported Dr. Heather McGee to obtain her PhD in statistics from University of 

Rhode Island Fall 2014. 

 Rockville MD meeting hosted by Henry Jackson Foundation to bring together academic 

physiotherapists, bioengineers in the field of balance assessment, NIH program managers for 

balance rehabilitation (NIDCD representatives) and Department of Defense (DoD) experts. This 

meeting provided a roadmap to advance the development of tactile feedback technology from 

the static balance platform to the ambulatory condition. This roadmap was followed via the SBIR 

process resulting in a phase II award December 2014. The selected company (EAI) will develop 

a real time, body-worn, center-of-gravity and center-of-pressure system that will provide 

multisensory warning of impending falls to assist in fall prevention for patients with balance 

dysfunction. 

 How were the results disseminated to communities of interest?  

Presentations to the scientific community were provided at the American Academy of 

Otolaryngolgy, Head and Neck Surgery Annual Meetings and to the neurotology and 

phsysiotherapy communities at the Barany Society.  
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 Demonstrations of the enhanced tactile cueing technology was provided to multiple clinics and 

decision-makers over the duration of the project. Presentation and demonstrations of the tactile 

cueing feedback balance rehabilitation were provided at the past four American Academy for 

Physiotherapy (AAPT) meetings. As a result of the demonstrations at the academy meetings 

and data collected a medical company specializing in balance rehabilitation has purchased the 

technology from Balance Sense and plans to market the tactile cueing balance rehabilitation in 

June 2015.  

 

 What do you plan to do during the next reporting period to accomplish the goals?  

 Nothing to Report. 

4. IMPACT:  

 What was the impact on the development of the principal discipline(s) of the project?  

 The physiotherapy clinician community is the primary beneficiary of this project. 

Physiotherapists will benefit from the tactile cueing feedback technology developed in this 

research effort. The commercial company Biodex will incorporate the new technology into their 

product line and market tactile cueing via its worldwide medical distribution system.  

 The concept of tactile cueing to provide intuitive, reflexive, automatic postural adjustments to 

maintain balance and prevent falls is slowly being recognized as a solution to reduce mortality 

and morbidity associated with falls.  

 

 What was the impact on other disciplines?  

 The project provided an impetus for the companies that make tactile transducers (tactors) to 

improve and devise novel tactors for this biomedical application. These tactors have 

applications across a wide variety of military and civilian applications.   

 

 There is an interaction between the advances made in tactile cueing to improve balance of 

patients and the advances made in tactile cueing for military operations to include aviation and 

land navigation. When demonstrations are provided to specialists in either health or military 

disciplines, the investigators have provided demonstrations for both applications since the 

universal aspect of tactile cueing as a solution to enhance situation awareness and spatial 

orientation is often more easily recognized when seen in disciplines outside one’s own area of 
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expertise. Tactor technology developed for the medical applications is now used in Army 

aviation and ground tactile cueing systems under development. 

Tactile feedback cueing is a general method that has applications beyond treating balance 

dysfunction. The similarities between maintaining upright stance and hovering a helicopter may 

not appear to be obvious but the same algorithm of tactile stimulation using a belt fitted with 

tactors to improve balance is the same algorithm and belt currently used by helicopter research 

pilots to maintain a non-visual hover in the U.S. Army.  

This same tactile cueing is currently under development in a Phase II SBIR program to provide 

haptic information to the elderly to reduce the incidence of falls. Elderly patients who can 

maintain mobility without the use of canes and walkers will experience an improved social 

condition. 

5. CHANGES/PROBLEMS: Nothing to report.  

6. PRODUCTS: The project developed two competing types of balance platforms using tactile 

feedback cueing. In Jan 2014, one company (Balance Sense) sold their technology to Biodex 

which will market the technology. 
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Organization Name: Balance Sense 

Location of Organization: Orlando, FL 

Partner's contribution to 
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 QUAD CHART: Please see Appendix B (p. 39). 
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9. APPENDICES:   

 

APPENDIX  A. 
 
Neurocom Equitest Sensory Organization Test (SOT) and Berg Balance Scale  
 
1) SOT 

 
The Interpretation of Computerized Dynamic Posturography Tests (from Nashner, in 
Jacobson, Newman, & Kartush, 1997. 
 
The functional significance of different Equitest conditions: 
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APPENDIX  A. (continued) 
 

Neurocom Equitest Sensory Organization Test (SOT) and Berg Balance Scale 
 
 
Examples of Diagnostic and Functional Applications of CDP: 

Applications 

 
 
 
 
Additional details concerning the CDP procedure and interpretation (from a paper in 
preparation by the PI): 
 

A NeuroCom Smart EquiTest® model will be used for the posturography testing.   The 
Sensory Organization Test (SOT) will be used.   The subject stands on a force plate platform 
that can be fixed or moved, surrounded on three sides by a visual display that also could be 
fixed or moved.   Subjects wear stockings without shoes during testing.   The platform can 
rotate in the anterior/posterior axis, with its axis of pitch rotation roughly passing through the 
medial malleoli of the subject.   The visual surround may rotate in a similar fashion.   By using 
different combinations of platform fixed/moveable, visual surround fixed/moveable, and eyes 
open/closed, it is possible to quantify the performance of each of the three balance systems.   
The force plate calculates the center of pressure for the subject’s feet and using this information 
and the subject’s height, calculates the degrees of rotation of the body’s center of gravity (COG) 
away from the vertical.   This measure is termed body sway.   During testing, the subject wears 
a safety harness.   The harness connects (near the shoulders) to an overhead support via two 
straps. The straps remain slack for the normal range of stable body movements and do not 
support the subject; however, the straps will catch the subject should the stable range of motion 
be exceeded. Subjects wear an aviation-style audio headset that delivers pink noise (to mask 
background sounds that may provide orientation cues) and a metronome bell to signal the 
subject for head movements during the ±30° dynamic head pitch testing.   The headset is fitted 
with an Intersense InertiaCube orientation sensor to monitor the subject’s head position. 

 
Scoring Procedure: All six standard SOT tests are performed in a normal upright 

stance with arms folded and head held upright.   Each subject performs three trials of 20  
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APPENDIX  A. (continued) 
 

Neurocom Equitest Sensory Organization Test (SOT) and Berg Balance Scale 
 
 

seconds duration during each of the 6 standard SOT conditions, making a total of 18 trials for 
the standard baseline.   An equilibrium score is calculated for each trial.   Scores are calculated 
by using the maximum amount of peak to peak body sway, in degrees of sway angle, recorded 
during a 20 second trial using the following equation. 

The constant (12.5) is the theoretical maximum anteroposterior sway angle, for stable 
upright posture. Greater the peak-to-peak body sway results in a lower the Equilibrium Score.   
A score of 100 indicates perfect stability while a score of zero indicates a fall.   If the subject 
loses balance during a trial, by stepping, stumbling, reaching out and touching the surround, or 
gaining support from the safety harness, the test is terminated by the operator and classified as 
a fall. 

A composite equilibrium score is calculated for each subject based on the three trials 
each of head-upright SOT conditions 1-6.   The composite equilibrium score is calculated by 
independently averaging the scores for conditions 1 and 2, adding these two scores to the 
equilibrium scores from each trial of sensory conditions 3, 4, 5, and 6, and dividing the sum by 
14.   The highest possible composite equilibrium score is 100. 

Normal or abnormal performance was determined by comparing scores for each subject 
to a normative database.   The NeuroCom normative database provided standards for a head-
upright SOT.   The following age ranges are evaluated by NeuroCom:   20-59 years, n=112; 60-
69 years, n=54; and 70-79 years, n=29.   The age range divisions are based on statistically 
significant differences in performance by the different groups.   Normal thresholds are 
calculated for each age group by percentile ranking the three-trial-average scores for each 
subject.   The value of the 5th percentile score is considered to be the limit of normal 
performance.   Scores below this value are defined as abnormal. 

The present study will test the effects of head movement on the performance of SOTs 2 
and 5.   Dynamic 30-degree motions will be made while balancing.     Subjects are instructed to 
move their heads to the forward position (+30º tilt), then return to upright, then to the backward 
position (-30º tilt), then return to upright.   A metronome bell will sound at 1 second intervals 
through the subject’s headset to alert the subject that it was time to change head position.   It 
will take four seconds it takes to make a complete cycle.   Head movement will be monitored 
with a three-dimensional inertia sensor mounted to head phones (InertiaCube2, InterSense, 
Inc.; Burlington, MA). Sensor output is displayed on the operator console.   Head pitch 
amplitude is monitored at the start of each trial for 1-2 cycles to ensure the correct amplitude is 
generated by the subject, with the operator providing feedback as needed.   Subjects stand with 
their arms folded and performed six trials each of SOTs 2 and 5 under each head-movement 
condition. 

Mean SOT scores were calculated for each subject under each condition.   Specifically, 
three-trial averages were calculated for SOTs 1-6 (head erect) and six-trial averages for SOTs 
2 and 5 (with head moving).   NeuroCom software scores all falls as a zero and counts them in 
the mean score.   This analysis limitation is not of major concern when considering stable 
platform testing with healthy persons, where the probability of falls is extremely low.   However, 
the present study will also analyze performance during unstable platform conditions, often using 
patient groups or challenging head movement protocols; hence, fall counts will be interpreted 
separately from sway scores during analysis. 
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APPENDIX  A. (continued) 
 

Neurocom Equitest Sensory Organization Test (SOT) and Berg Balance Scale 
 
 
2) Berg Balance Test  
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APPENDIX  A. (continued) 
 

Neurocom Equitest Sensory Organization Test (SOT) and Berg Balance Scale 
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APPENDIX  A. (continued) 

 
Neurocom Equitest Sensory Organization Test (SOT) and Berg Balance Scale 
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APPENDIX  A. (continued) 
 

Neurocom Equitest Sensory Organization Test (SOT) and Berg Balance Scale 
 

 

 
 

www.aahf.info/pdf/Berg_Balance_Scale.pdf 
 
 
 

http://www.aahf.info/pdf/Berg_Balance_Scale.pdf
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Appendix C. 
 

Letters of Support 
 
 

1) Naval Medical Center San Diego (NMCSD) 
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Appendix C. (continued) 
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